ADDITIONAL INDEX WORDS. systemic acquired resistance, systemic induced resistance, integrated pest management SUMMARY. A major challenge facing horticultural crop production is the need to provide fi eld and postharvest disease control measures that help maintain high quality plant products. Producers and consumers also expect high quality produce with minimal or no pesticide residues and competitive prices. The chemical management of disease is further complicated by the development of fungicide resistance in many important pathogens. Because of these concerns, an alternative or complementary approach is the use of disease resistance inducers that activate the natural defenses of the plant. Induced disease resistance in plants has been studied in many different pathosystems for nearly a century. Resistance to plant disease can be induced systemically by prior infection with pathogens, by certain nonpathogenic microbes that colonize the surface of roots and leaves, or by chemicals. The application of resistance inducers should protect plants through the induction of defenses that are effective against a broad spectrum of pathogens. Over the last few years, a number of materials that could potentially be used as inducers of resistance in horticultural crops have been identifi ed. Some of these materials are already commercially available. Although induced resistance is known to provide a broad spectrum of disease suppression, it may not be a complete solution because variation in the effi cacy of disease resistance induction has been observed. The variation in the response may be dependent on the plant species and even cultivars, as well as variability in the spectrum of pathogens that resistance can be induced against. Induction of resistance depends on the activation of biochemical processes that are triggered in the plant, and therefore a lag time between treatment and expression of resistance occurs. This lag effect may limit the practical application of disease resistance inducers. Since the effi cacy of the inducers also depends on the part of the plant that was treated, the product delivery (i.e., how the inducers would be applied in order to optimize their action) is another factor to be considered. Some studies have shown that there may be side effects on growth or yield characteristics when certain inducers are used. Understanding the biochemical interactions occurring between plants, pathogens and the inducers will provide information that may be useful for the optimization of this new approach on disease control. Approaches to integrate induced resistance with other management practices need to be investigated as a means to aid the development of sustainable disease management programs that are effective as well as economically and environmentally sound.
A lthough there are many potential pathogens that come into contact with plants, the end result of these interactions is usually resistance. Hammond-Kosack and Jones (1996) suggest three reasons for this ability to resist infections. First, the plant species is not a host for the pathogen, and thus non-host resistance is expressed; second, the plant has preformed structural or chemical barriers that prevent infection; and, third, recognition of the pathogen by the plant results in the activation of host defenses that stop pathogen ingress into the tissue. The third form of resistance includes defenses that are expressed locally as well as the systemic expression of resistance to subsequent infections.
Disease management in horticultural crops relies on the use of commercially acceptable disease resistant cultivars, use of cultural practices that reduce fi eld infections, and chemicals that protect the plants against infection. However, loss of fungicide effi cacy because of resistance (e.g., Washington et al., 1992) and environmental and public concerns about the use of chemical disease management (Jacobsen and Backman, 1993; Oka et al., 2000) add to the challenges facing disease management in the future.
Postharvest disease control is important for maintaining product quality because many crops are often stored or shipped to locations at some distance from where they are harvested. Synthetic fungicides are currently a primary means used for controlling postharvest diseases (Barkai-Golan, 2001 ). However, the long-term use of fungicides is threatened because of development of resistance by postharvest pathogens to some fungicides and the withdrawal of a number of key fungicides in response to health and environmental concerns over pesticide contamination. Thus, the search for alternative technologies for postharvest disease control in horticultural crops has been stimulated (Barkai-Golan, 2001; Terry and Joyce, 2004) .
The issues raised above have promoted the use of integrated pest management (IPM) practices for managing diseases of horticultural crops (Terry and Joyce, 2000) . Because induced resistance is broad spectrum, uses natural defense mechanisms, and has been demonstrated to be effective in a number of crop species (Jensen et al., 1998; Sticher et al., 1997; Terry and Joyce, 2000) this form of disease management is potentially an integral part of IPM practices.
In this paper, we present a brief description of how the concept of induced resistance was developed and the main mechanisms involved in this phenomenon. We will describe types of products and experimental materials that are currently described as disease resistance inducers. Finally, we will discuss some characteristics of induced resistance that should be considered when applying resistance inducing materials to horticultural crops.
History of induced resistance
The resistance of plants to pathogens and herbivores is based on both constitutive barriers and induced defenses. Constitutive barriers can be chemical or structural and act as a passive form of defense (Hammerschmidt and Nicholson, 1999) . Induced defenses are those that are activated after infection and can be either localized at the site of attack (Hammerschmidt and Nicholson, 1999) or can be expressed systemically throughout the plant (Sticher et al., 1997) .
The ability of plants to express induced resistance to pathogens has been known for over a century and the topic was fi rst reviewed by Chester (1933) . These early observations emphasized the ability of plants to become resistant to subsequent inoculations after an initial infection occurred.
Induced resistance is also often referred to as "acquired resistance," a term fi rst used by Ross (1961) who showed that inoculation of one lower leaf of a tobacco (Nicotiana tabacum) cultivar that was hypersensitively resistant to tobacco mosaic virus (TMV) increased the resistance of the upper leaves on the same plant to subsequent infection with TMV. The resistance in this upper leaf was expressed as a reduction in the number and size of local lesions formed. Later work showed that the inducer inoculation not only triggered resistance to TMV, but also to unrelated fungal and bacterial pathogens (reviewed in Hammerschmidt and Dann, 1997; Sticher et al., 1997) .
Later, Kuc´ and his coworkers have extensively described induced resistance in bean (Phaseolus vulgaris) (Elliston et al., 1971) and cucumber (Cucumis sativus) (Hammerschmidt et al., 1976) and documented the broad spectrum of induced resistance. These studies made it clear that induced resistance was expressed independently of the type of pathogen used for resistance induction (Madamanchi and Kuc´, 1991) . The pioneering studies of Ross, Kuc´, and others (Kuc´, 1982; Ross, 1961) clearly showed that a localized infection with a necrotic lesion causing pathogen leads to resistance against a subsequent infection to a broad spectrum of pathogens. They showed that resistance is expressed not only locally at the site of primary inoculation but also systemically (i.e., in tissues remote from the initial treatment). This form of induced resistance is called systemic acquired resistance (SAR) and is expressed throughout the plant (Hammerschmidt, 1999) . SAR has specifi c characteristics such as a need for a necrotic lesion producing pathogen as the inducing agent, systemic expression of pathogen-related (PR) protein genes, and involvement of salicylic acid as part of the signaling process (Hammerschmidt, 1999) .
Another form of induced resistance, known as induced systemic resistance (ISR) is activated by growth promoting rhizobacteria (PGPR) that colonize the rhizosphere (Alström, 1991; Pieterse et al., 1996) . Some PGPR, after application to the soil, become localized at the root surface and induce resistance in the leaves and stem. Unlike pathogens that induce SAR, PGPR protect plants systemically against various pathogens without causing any of their own symptoms (Liu et al., 1995a (Liu et al., , 1995b Pieterse et al., 1996; Van Peer et al., 1991) . To date, induced resistance has been shown in more than 30 plant species of both dicotyledonous and monocotyledonous plants (Sticher et al., 1997) .
Mechanisms involved in induced resistance
The identifi cation of key regulatory pathways and genes involved in both the SAR and ISR forms of induced resistance and challenge with different types of pathogens has provided further evidence that these two types of induced resistance are different and may protect against different types of pathogens (Pieterse and Van Loon, 1999) . In this section, some of these differences will be discussed.
SAR was initially characterized as a type of induced resistance that was induced in response to pathogens that cause a localized, necrotic lesion. This necrotic lesion can be a result of a successful infection or a hypersensitive reaction (HR) (Hammerschmidt, 1999) . SAR has also been shown to be effective against a wide range of pathogens and is associated with the accumulation of PR proteins. SAR is also mediated by the salicylic acid (SA) pathway (Sticher et al., 1997) . Because SAR can be induced by synthetic compounds that mimic salicylic acid and do not induce necrotic lesions [e.g., acibenzolar-S-methyl (Oostendorp et al., 2001) ], a general way to defi ne SAR is as a type of induced resistance that is broad spectrum, dependent on SA and associated with PR protein production.
ISR develops systemically in response to colonization of roots by certain rhizosphere bacteria, known as PGPR. This type of resistance shows host specifi city in regard to eliciting WORKSHOP resistance (Ton et al., 2001; Van Wees et al., 1997) , and this suggests that specifi c recognition between protective bacteria and the plant is a prerequisite for the activation of the signaling cascade leading to ISR. In contrast to SAR, ISR is not associated with the expression of PR genes (Van Wees et al., 1997) , is not mediated by the SA pathway. However, ISR is mediated by a jasmonate/ethylene pathway . In a study using various arabidopsis (Arabidopsis thaliana) mutants, Pieterse and collaborators showed that ISR follows a signaling pathway that requires responsiveness to ethylene and jasmonic acid (JA), and this results in the ability of the host to mount a defense response upon infection .
Although the signaling pathway and spectrum of pathogens protected against by SAR and ISR differ, both types of induced resistance require the NPR1 gene. NPR1 protein is required for regulation of SAR responses downstream of SA perception and it is needed for the expression of resistance and PR protein genes (Ryals et al., 1997) . Although ISR expression is not associated with PR proteins accumulation, NPR1 is still necessary . Induced resistance, however, may utilize other regulatory genes. For example, it has been shown that SA-dependent resistance of arabidopsis to a viral pathogen is independent of NPR1 (Kachroo et al., 2000) . Although different signaling pathways are used for ISR and SAR, the two forms of resistance can be simultaneously activated in the same plant leading to enhanced resistance (Van Wees et al., 2000) . These results indicate that several different defense signaling pathways may operate, may share the same components (Métraux et al., 2002) , the two can simultaneously be activated and this may increase the utility of induced resistance to protect plants against a broad spectrum of pathogens (Métraux et al., 2002) .
In the next section we will present a discussion about the possible uses of induced resistance in horticultural crops. We will describe the end result of plants treated with resistance inducers or activators as simply "induced resistance" because it is often not known if the resistance being induced is ISR, SAR or some other form of induced resistance that has not yet been characterized.
Disease resistance inducers in horticultural crops
The resistance-inducing agents can be biotic or abiotic in nature. Inoculation with non-pathogens or pathogens, inactivated pathogens, incompatible races of pathogens, saprophytes, PGPR or symbionts are examples of biotic resistance inducing agents. Examples of abiotic resistance inducers are naturally occurring metabolites, inorganic compounds or synthetic chemical compounds. Many agents have been claimed to induce resistance. However, some criteria need to be used to evaluate if a material protects plants via induced resistance. Sticher et al. (1997) noted that the inducer, if it is a chemical compound, cannot be antimicrobial nor can it be converted into an antimicrobial compound by the plant. Furthermore, the inducing agent must alter the plant response from compatibility to incompatibility (including the expression of plant defenses). Finally, the inducer must protect the plant against pathogens (Sticher et al., 1997) .
BIOTIC DISEASE RESISTANCE IN-DUCERS.
There are many examples of biotic inducers. In this section we describe a few recent examples that are relevant to horticultural crops. Ramamoorthy et al. (2002) evaluated 20 isolates of fl uorescent pseudomonad growth promoting rhizobacteria for their ability to control damping-off in tomato (Lycopersicon esculentum) and hot pepper (Capsicum annuum). These bacteria were antagonistic to pathogenic Pythium species that cause damping off and they induced defenserelated enzymes of the phenylpropanoid pathway in the treated plants. The expression of these enzymes was suggested to contribute to enhanced resistance against invasion of pythium in tomato and hot pepper plants.
In another study with tomato, inoculation of green parts of the plants with Phytophthora cryptogea zoospores induced systemic resistance against the root invading vascular wilt pathogen Fusarium oxysporum f.sp. lycopersici under growth chamber conditions. The plants treated with P. cryptogea showed no disease symptoms during the 50 d following challenge with F. oxysporum f.sp. lycopersici, while the control plants were destroyed by wilt within about 40 d (Attitalla et al., 2001 ).
Resistance to Botrytis cinerea in the upper half of cold stored carrot (Daucus carota) roots can be induced by prior inoculation at one site on the lower half with the same pathogen or with Sclerotinia sclerotiorum (Mercier et al., 1993) . Also, heat-killed conidia of B. cinerea have been reported to induce resistance to B. cinerea in carrot slices through enhanced suberization and localized phytoalexin accumulation (Garrod et al., 1982; Harding and Heale, 1981; Heale and Sharman, 1977) . Greenhouse crop production can be seriously impacted by soilborne pathogens that colonize sterilized potting mixtures and soils and subsequently cause losses on plants grown in these infested media (Jarvis, 1989) . Working with compost prepared from pulp and paper mill residues, Pharand et al. (2002) demonstrated that this compost reduced symptoms of the disease caused by F. oxysporum f.sp. lycopersici in tomato plants and, through cytological analysis, demonstrated that the basis for this disease suppression was induced resistance. The authors also suggest that amendment of composts with specifi c antagonists such as Pythium oligandrum may be a valuable option for amplifying their benefi cial properties in terms of tomato disease suppression in greenhouse.
Oligomers of chitosan (polyn-glucosamine), which are likely to be released from fungal cell walls by plant chitosanases, can protect tomato roots against F. oxysporum f.sp. radicislycopersici when applied to the seeds, roots, or to leaves (Benhamou and Theriault, 1992; Benhamou et al., 1994) . In this example, the authors showed that ultrastructural changes such as cell necrosis and deposition of lignin-like and callose-like materials took place in pretreated and in Fusarium-challenged roots (Benhamou and Theriault, 1992) .
Spraying an extract of spinach (Spinacia oleracea) or rhubarb (Rheum rhabarbarum) leaves on the undersides of cucumber leaves induced systemic resistance against Colletotrichum lagenarium, the pathogen that causes anthracnose. Induced resistance was evident within 20-36 h after spraying with the extracts. Oxalic acid was identifi ed as the active component of both extracts (Doubrava et al., 1988) .
Polyunsaturated fatty acids such as arachidonic, linolenic, linoleic, and oleic acid induce resistance in potato (Solanum tuberosum) against P. infestans (Cohen et al., 1991) . This effect is not accompanied by enhanced SA levels or by SAR-gene expression in the systemically protected parts of the plant. Arachidonic acid is naturally present in spores and mycelium of P. infestans and is released in the plant tissue after infection thus acting as a non-specifi c elicitor from this oomycete (Ricker and Bostock, 1992) .
Natural products previously tested in horticultural crops and reported to be disease resistance inducers are summarized in Table 1 .
ABIOTIC DISEASE RESISTANCE IN-DUCERS. A list of abiotic compounds that have been reported to induce resistance is shown in Table 2 . Phosphate salts induced resistance in cucumber, lettuce (Lactuca sativa), and pepper (Capsicum annuum) (Irving and Kuc´, 1990; Pajot et al., 2001; Reuveni et al., 1998) . It was proposed that calcium sequestration at the site of application by phosphates generates an endogenous signal that triggers SAR (Gottstein and Kuc´, 1989) . In cucumber, supplying phosphate at concentrations of 5, 20 and 40 mg·L -1 (ppm) through a hydroponic system was reported to induce resistance against powdery mildew. In the same study, foliar application of a 1% solution of mono-potassium phosphate protected the foliage against powdery mildew regardless the phosphorous concentration in the hydroponic solution. The authors noted that the protection was persistent up to 21 d after inoculation with Sphaerotheca fuliginea, and it signifi cantly inhibited the sporulation of the fungus (Reuveni et al., 2000) .
Phytogard [a crop-protection material that contains 58% potassium phosphonate (K 2 HPO 3 ) and 42% water (Bécot et al., 2000) ] has been reported to induce resistance in lettuce plants (Pajot et al., 2001 ) and caulifl ower (Brassica oleracea var. botrytis) (Bécot et al., 2000) to downy mildew (Peronospora parasitica). However, the active ingredient (potassium phosphonate) is also directly active against downy mildews (Bécot et al., 2000) , and thus may control diseases caused by downy mildews via direct antifungal activity as well as through induced resistance. The compound 2,6-dichloroisonicotinic acid (INA) and its methyl ester protects dicotyledonous and monocotyledonous plant species against a wide spectrum of pathogens (Uknes et al., 1992) . Because INA has weak antifungal activity in vitro and induced the expression of SAR associated genes (e.g., the PR protein genes) prior to challenge inoculation, INA was among the fi rst synthetic compounds that closely reproduced the SAR response. However, the commercial use of this compound is limited to expression of phytotoxicity in certain crops (Sticher et al., 1997) .
Among the synthetic compounds, acibenzolar-S-methyl (ASM) is perhaps one of the most studied resistance inducer. Like INA, ASM shows practically no antifungal activity and leads to the expression of the same genes associated with SAR as SA (Ward et al., 1991) . Weekly application of ASM to strawberry (Fragaria ×ananassa) plants [0.25-2.0 mg·mL -1 (250-2000 ppm) a.i.] resulted in a delay (about 2 d) in the development of grey mold (B. cinerea) on harvested fruit that were being held at 5 °C (41.0 °F). Although the delay of disease onset was small, the authors stated that the delay increased storage life of the fruit by 15% to 20% (Terry and Joyce, 2000) . Treatment of rose (Rosa hybrida) shoots with 50 µM ASM protected the shoots against the black spot pathogen, Diplocarpon rosae. The induction of resistance was associated with accumulation of the PR proteins PR-1, PR-2, PR-3, and PR-5 (Suo and Leung, 2002) .
Another chemical disease resistance inducer that is effective in a number of horticultural crops is the non-protein amino acid, β-aminobutyric acid (BABA) (Cohen, 2002) . Foliar application of BABA protected tomato and potato foliage against P. infestans (Cohen, 2002) , broccoli (Brassica oleracea var. italica) against Alternaria brassicicola (Cohen, 2002) , and lettuce against Bremia lactucae (Pajot et al., 2001) . To further support its role as an inducer, BABA has no detectable antifungal activity in vitro or in planta. However, it appears to be unique among other inducers as it has been reported to have curative properties (Cohen, 1994) . Cohen and Gisi (1994) showed that BABA altered cell wall structure of tomato plants, thereby making the tissues more resistant to degradation by pathogen produced cell wall degrading enzymes. Cohen et al. (1994) also demonstrated rapid and strong accumulation of PR proteins in tomato and tobacco after applying BABA as a leaf spray. Treatment with BABA protected pepper plants against Phytophthora capsici infection and reduced hyphal growth in and sporangial formation on BABA induced tissues (Lee et al., 2000) . In further support for BABA as a resistance inducer, Lee et al. (2000) reported the formation of cell wall appositions that may restrict hyphal growth, in response to P. capsici infection. Degradation of mitochondria in hyphae of an incompatible P. capsici isolate in a resistant host and in a virulent isolate in a host plant with BABA induced resistance further suggests that BABA is inducing resistance.
Postharvest disease resistance inducers
Activation of defense responses and resistance in harvested crops has been demonstrated in various hostpathogen interactions through application of physical, chemical or biological inducers of resistance (Barkai-Golan, 2001; Terry and Joyce, 2004; Wilson et al., 1994) . Thus, induced resistance may be a practical addition to postharvest disease management.
Although not dealing with harvested produce, Stermer and Hammerschmidt (1984) demonstrated that a brief heat shock induces resistance in cucumbers against Cladosporium cucumerinum. The resistance developed 15 to 21 h after heat shock treatment and was associated with stimulated ethylene production and changes in the plant cell wall (Stermer and Hammerschmidt, 1987) . Heat treatment also induced resistance against powdery mildew in barley (Hordeum vulgare) seedlings (Schweizer et al., 1995) . Thus, physical treatments, in this case heat, are effective means of inducing resistance that could be adapted to postharvest treatments of produce.
Heat treatment has been shown to affect the production of antifungal coumarins in citrus peel. For example, Kim et al. (2001) demonstrated that heat treatment of lemon (Citrus limon) fruit enhanced their ability to produce scoparone following infection with Penicillium sp. The accumulation of the coumarin was signifi cantly correlated with resistance. Several antifungal coumarins were also reported by BenYehoshua et al. (1992) to be induced by heat in citrus fruit peels, thus further supporting a role for heat treatment in inducing resistance.
Another physical treatment, ultraviolet light-C (UV-C), may also have a role as a resistance inducer. Treatment of seed with low doses of UV-C (wavelength of 290 nm or shorter) induced resistance in cabbage (Brassica oleracea var. capitata) to black rot (Xanthomonas campestris pv. campestris) in greenhouse production (Brown et al., 2001) . UV-C also induced disease resistance in onion (Allium cepa) bulbs (Lu et al., 1987) , carrot roots (Mercier et al., 1993) , pepper fruit (Mercier et al., 2001) , and tomato fruit (Liu et al., 1993) . UV-induced resistance to B. cinerea and S. sclerotiorum in carrot root slices was associated with accumulation of the phytoalexin 6-methoxymellein (Mercier et al., 1993) . However, high levels of 6-methoxymellein in carrots increases bitterness (Seljåsen et al., 2001) . Thus, increasing 6-methoymellein as a means of inducing resistance may also reduce the quality of the produce by increasing bitterness.
The ability of antagonistic microorganisms to prevent postharvest diseases is generally related to their capacity to produce and secrete antibiotic substances or their ability to injure the pathogen directly (Barkai-Golan, 2001 ). However, microbial antagonistics have also been shown to induce resistance in host tissue. The antagonistic yeast-like fungus Aureobasidium pullulans was reported by Ippolito et al. (2000) to reduce decay caused by B. cinerea and Penicillium expansum in wounded apple (Malus ×domestica) fruit. The inducer microorganism multiplied in the wounds and increased the activities of β-1,3-glucanase, chitinase and peroxidase in the treated wounds of the fruit. Thus, at least part of the control afforded by A. pullulans is through the induction of host defenses as well as through antagonism.
Recently, the effect of harpin protein, a bacterial protein known to induce resistance in foliage (e.g., Strobel et al., 1996) , have been reported to induce resistance to fungal disease in apple fruit. De Capdeville et al. (2003) reported that harpin induced resistance WORKSHOP to blue mold caused by P. expansum. Spraying the fruit a few days prior to harvest or direct treatment of fruit after harvest resulted in expression of resistance to P. expansum, thus illustrating the utility of this approach.
Factors involved in practical use of induced resistance
Although induced resistance is broad spectrum and many potential resistance inducer materials are available, several factors should be considered when designing control strategies using induced resistance. For example, many of the compounds that were described as resistance inducers were tested only in controlled conditions or in greenhouses. Although the information may be directly applicable to greenhouse production, plants growing under fi eld conditions are exposed to a variety of biological and physical stresses that may impact a multitude of stress-related signaling pathways (Walling, 2000) . Thus, careful fi eld testing needs to be carried out to determine the effi cacy of resistance inducers under normal production conditions. We previously discussed the involvement of two pathways in induced resistance signaling: one that is SA-dependent and another that is mediated by JA/ethylene. These different pathways play important roles in induced resistance against different pathogens (Ton et al., 2002) . Thus, in order to induce resistance against different pathogens and even herbivores for practical disease and pest management, there may be the need for the activation of both pathways. Signaling pathways can interact either additively or antagonistically (Pieterse and van Loon, 1999; Walling, 2000) . It has been demonstrated that there is synergistic effect of SAR and rhizobacteria-mediated ISR on the level of induced protection in arabidopsis against Pseudomonas syringae pv. tomato DC3000 (Van Wees et al., 2000) . However, studies conducted on tomato demonstrated that chemical induction of SAR decreases the plant's ability to express wound-inducible proteinase inhibitors, one of the main components of induced resistance against herbivores that is mediated by JA (Heil and Bostock, 2002) . Similarly, treating tomato leaves with ASM (an activator of SAR) increased their suitability for herbivorous caterpillars (Stout et al., 1999) . SA-treatments, which also induce SAR, inhibit wound-and JAinduced responses in the same plant, and JA partially reduced the effi cacy of chemical SAR elicitors (Thaler et al., 1999) .
Another important factor to be considered in practical application of induced resistance is the fact that not all cultivars respond equally to induction by a certain activators. For example, we have found host genotypic variability in the ability of ASM to induce resistance to the hemibiotrophic pathogen Colletotrichum orbiculare in cucumber. In addition, when the same cultivars were induced with ASM and challenged with Didymella bryoniae, a necrotroph, some cultivars expressed resistance, but others showed little response and some became even more susceptible to this pathogen (A.B. da Rocha, L. Velasquez, and R. Hammerschmidt, unpublished) . Genotypic variability in the ability to express ISR has also been found in arabidopsis. The PGPR strain WCS417r was used to screen the ability of 10 arabidopsis ecotypes to express ISR. Ecotypes RLD and Wassilewskija (Ws) were unable to express ISR, and this was associated with a reduced sensitivity to ethylene (Ton et al., 2001 ). Unfortunately few studies have included a wide range of cultivars in horticultural crops experiments involving induced resistance, and more information regarding possible differential responses will be valuable for practical use.
Even though induced resistance is thought to provide benefi ts for the defended plants through the reduction of disease, Kuc´ (1995) suggested that induced resistance may impose metabolic costs to the plant. Considering that the plant defensive responses include metabolically active processes such as the hypersensitive response (Hammerschmidt and Nicholson, 1999) , the production of molecules such as SA (Cameron, 2000) , production of PR proteins (Van Loon, 1997) and production of phytoalexins and cell wall strengthening material (Hammerschmidt and Nicholson, 1999) , this is not surprising. Kuc (1995) discussed whether stunted plants and lower productivity that appear after application of elicitors of phytoalexins accumulation may be caused by a marked diversion of energy and carbon precursors from other important processes.
The costs of induced resistance have been demonstrated by Heil (2001) who demonstrated that expression defenses can, in the absence of pathogen or pest attack, reduce fi tness. These costs can result from the allocation of the plant's resources to defense rather than to growth or reproduction. Because defense processes require energy and use carbon compounds that could otherwise be used for growth and development, it is not surprising that induced resistance may reduce growth or normal functions. However, this decrease in fi tness is a good investment if it means that the plant can survive attack by a pathogen and successfully reproduce.
Applying JA to tomato led to a delay in fruit set, the formation of larger (but fewer) fruit, an increase in ripening time, and fewer seeds per fruit and per plant (Redman et al., 2001) . According to the authors, the potentially desirable changes such as larger fruit size and lower seed number would not likely offset the associated delay in ripening and reduction in fruit number. The same kind of result was observed in onions, where induction of resistance against Alternaria porri was signifi cantly expressed in plants treated with methyl jasmonate (MeJa) at 10 mM, but in 1 year marketable yield was not affected and in the second year of the same experiment, marketable yield was reduced (Arboleya et al., 2003) . In this case, we may consider that reduction of disease by mechanisms activated during SAR and /or ISR may not be necessarily accompanied by increase in yield or better quality of horticultural crops.
Because induced resistance requires the induction of several biochemical changes in the plant, it is not surprising that there is a lag time between treatment and expression of resistance. In addition, most inducers do not have curative properties and must be applied prior to infection (Oostendorp et al., 2001) . Thus, one approach to the practical use of the resistance inducers is to combine them with standard fungicides. The fungicides would provide protection for the plant while the induction process is taking place. There are also data suggesting that fungicide control can be enhanced by resistance inducers or activators. A synergistic effect between ASM and three different fungicides (metalaxyl, fosetyl-Al and CuOH) was also demonstrated in the protection of arabidposis against Peronospora parasitica (Friedrich et al., 2001 ). Cohen (2002) reported that BABA is not effective in inducing resistance against powdery mildew. However, BABA enhanced the effi cacy of triazole fungicides when the two were applied as a mixture. In a study with spinach, preventive applications of ASM plus the strobilurin fungicide trifl oxistrobin at 7-to 10-d intervals appear to be an effective strategy to control white rust disease and improve leaf quality in this horticultural crop (Leskovar and Kolenda, 2002) .
Because effi cacy of the inducers may also depend on the part of the plant that was treated, the product delivery (i.e., how the inducers would be applied in order to optimize their action) is another factor to be considered. Attitalla et al. (2001) mentioned that in a growth chamber experiment, the application of a zoospore suspension of Phytophthora cryptogea to the roots of tomatoes resulted in root disease. However, when this inoculum was sprayed on the aerial parts of the tomato plants, it induced resistance to fusarium wilt. It was shown that seed treatment with fl uorescent pseudomonads can induce resistance of tomato and hot pepper to disease caused by Pythium aphanidermatum (Ramamoorthy et al., 2002) .The potential ability to easily use PGPR as a practical disease control has been demonstrated through experiments that have shown that soil application and treatment of seed (Zehnder et al., 2001 ) are effective. Cohen (2002) reported that BABA induced resistance in tomato plants against nematodes by soil drench and by foliar spray. LatundeDada and Lucas (2001) showed that cowpea (Vigna unguiculata) seedlings raised from seeds treated with ASM were effectively induced for resistance against damping-off. These results suggest that ASM protects cowpea seedlings by priming the plant for an early defense response after infection rather than by altering the constitutive resistance of tissues. Thus, seed treatment with resistance inducers is potentially viable for fi eld use.
Finally, the plant's response to the application of resistance inducers may be affected by the growth stage and development of these plants. For example, in a study with caulifl ower plants, Phytogard induced resistance in young plants against downy mildew when sprayed at the concentration of 10 mL Phytogard diluted to 1 L (1.3 fl oz/gal). But it was also shown that the induced resistance was not systemic and lasted for only 15 d. However, when Phytogard ® was applied at the same concentration on roots of 30-dold plants, the resistance was systemic (Bécot et al., 2000) .
Conclusions
Much progress has been achieved in the study of induced resistance in horticultural crops in the last 15 years. Understanding the biochemical interactions occurring between plants, pathogens and the inducers will provide information that may be useful for the optimization of this new approach on disease control. The discovery of new compounds that are able to induce resistance is of great potential value in the integrated control of plant diseases, especially where resistance to fungicides or antibiotics is a problem. However, there are many questions about the use of resistance inducing agents, such as optimal timing and method of application for each crop, especially when they are integrated with other cultural practices. The differences in the effi cacy of the inducers of resistance on different crop species and even cultivars are another challenge for their practical use in large scale horticultural production. Whether such differences are due to variations in uptake, perception, or dose response between species, or refl ect genetic differences in the induction and regulation of plants defense pathways is still unclear.
As more information regarding induced resistance becomes available, new approaches to managing disease in horticultural crops may become available. These approaches includes integrating induced resistance with lower dosages of pesticides and the use of cultivars that better express resistance against a broad spectrum of diseases and insects.
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